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dilute solutions, the initial pipetting oflarge volumes on to chromatograms may lead to the accumulation of enough salts seriously to disturb band formation and movement. For creatin.ine detection under these circumstances, preliminary adsorption on to Lloyd's reagent (Behre & Benedict, 1922 ) is suggested.
The methods described have not been extended beyond the qualitative detection of creatine and creatinine. Preliminary experiments indicate that it is doubtful whether the direct application of the Jaff6 reaction to paper chromatograms can be made sufficiently quantitative, owing to the variations obtained in the width of bands and the difficulty of spraying on standard amounts of the reagents. However, the bands of both compounds, in the particular solvents used, are discrete enough for their positions to be calculated from R1, values which have been determined from duplicate experiments, the bands cut out of the strips and the creatinine extracted from the paper and estimated photocolorimetrically. This principle has been applied with success by Flood, Hirst & Jones (1947) in the chromatographic identification and estimation of sugars. SUMMARY 1. A method is described for the identification of creatine and creatinine in biological material in amounts down to 1 ,ug.
2. Creatine may be detected in the presence of large amounts of creatinine without resort to a quantitative estimation.
3. The effects of various factors influencing the reproducibility of RF values are discussed.
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Krebs, H. A. & Eggleston, L. V. (1939) . Enzymologia, 7, 310. Maw, G. A. (1947 The published observations on the excretion of ingested creatinine point to a large and unaccounted loss of this substance when it is administered to rat, dog and man, generally not miore than 80% of a given dose being exereted in the urine (Hunter, 1928; Wang, 1939; Beard, 1943) . Since there appear to be no concomitant changes in blood urea (Folin & Denis, 1912) or in the output of urinary urea and ammonia (Rose & Dimmitt, 1916) , the fate of the unrecovered fraction ofthe dose has been the subject of some speculation. Claims have been made that creatinine retention takes place, or that conversion to creatine occurs (Beard & Jacob, 1939; Beard, 1943) . That losses might result from bacterial decomposition in the gut has been suggested (Beard, 1943) . In the earlier studies there is no evidence that intestinal absorption of an oral dose was complete and the likelihood of loss of part of a dose by excretion in the faeces does not seem to have been considered. Dominguez & Pomerene (1945) found that in a human subject with an ileal fistula, 75 % of an oral dose was recovered from the urine, in agreement with other published data on man, but, in addition, that intestinal absorption was incomplete, creatinine being recovered in the material from the fistula to the extent of 25%, sufficient to account for the apparent 'loss' of creatinine referred to by previous workers. A study has therefore been made of creatinine absorption in the rat in order to determine whether partial recovery of ingested doses may again be explained on the basis of incomplete intestinal absorption. A series of in vitro experiments has also been carried out to examine the possibility of bacterial destruction of creatinine in the gut.
METHODS
Biological. Adult albino rats of the Wistar strain, ranging in weight from 200 to 300 g., were used. Several of the animals were caecectomized 10 weeks prior to the experiment. The rats were housed in pairs in metabolism cages with unrestricted access to powdered rat .cake and water. Urine and faeces were both collected under toluene over 24 hr. periods. The type of urine-faeces separator employed (supplied by Laboratory Glass Blowers, 63 Lowlands Road, Harrow, Middlesex) , which is in general use in these laboratories, is shown in Fig. 1 . The upper flared end is supported in contact with the base of a 10 in. diam. glass funnel. Faeces fall through into a collecting flask and urine runs down the funnel into the circular trough in the by the method of Miller, Allinson & Baker (1939) for creatinine in blood and urine. The suspensions of creatinineassimilating Corynebacterium ureafacien8 were prepared according to the procedure of Dubos & Miller (1937) , the bacteria, obtained from soil samples, being subcultured for 10 weeks on a nutrient solution containing 0 5 % creatinine. Creatinine present in faecal extracts was identified chromatographically on paper strips with water-saturated collidine and 8ec.-butanol as solvents (Maw, 1948) .
RESULTS
Oral admini8tration of creatinine to normnal and caecectomized rat8. The validity of a study of the fate of ingested creatinine depends on (a) accurate measurement of both urinary creatinine excreted in excess ofnormal amounts and creatinine excreted in the faeces in excess of substances normally present separator, whence it is drained off through the side arm. At the end of each 24 hr. period each collecting funnel and separator was rinsed with water and N-H2SO4. For the determination of creatinine alone, the urine and rinsings were made up to 500 ml. and filtered. When creatine and creatinine were being determined, the urine and rinsings were made up to 50 ml. and ifitered. The filtrate was diluted 10 times for estimations of preformed. creatinine, and the undiluted ifitrate used for total creatine + creatinine determinations, the analytical procedure employed giving a final tenfold dilution. The 24 hr. collections of faeces were freed from excess toluene by exposing them to the air on filter papers for 15 min. They were then crushed to a thin smooth paste with a little water and the volume made up to 250 ml. The suspension was shaken for 5 min. and allowed to stand for 15 min. Portions of the supernatant fluid were centrifuged at 5000 r.p.m. for 30 min. andused for creatinine determinations.
Chemical. Creatinine was determined on 2 ml. samples of diluted urine filtrates, and faecal extracts and creatine determined on 5 ml. samples of urine filtrates by methods described by Maw (1947) . 'Blank' determinations were simultaneously carried out to compensate for the*colour of the faecal extracts and for the slight increase in pigmentation of urines occurring during the estimation of creatine. Creatinine in faecal extracts was estimated enzymically giving the Jaff6 reaction, and (b) avoidance of contamination of faeces by'urine. To ensure (a), pairs of rats were used and were given a prelinminary period of 10-14 days in the metabolism cages to accustom them to the experimental conditions. At the end of this period outputs of urine and faeces had become quite steady. Urine and faeces were then collected every 24 hr. for the next 6 days, the dose of creatinine given by stomach tube in 1P5 ml. water, and the urine and faeces collected daily for a further 6 days. A typical example ofurinary creatinine excretion, before and after the oral administration of creatinine to pairs of rats, is shown in Fig. 2 . During the first 6-day control period the 24 hr. outputs showed relatively little variation (± 5-7 %), urinary creatinine rising inmmediately after administration of the dose and returning to predosage levels by the next 24 hr. period. In order to minimize the effect of a possible variation in normal output on the day of administration, the difference between the total creatinine outputs for the first and second 6-day periods was taken as being due to the oral dose. Vo].-43 143 G. A. MAW The excretion ofsubstances in the faeces giving the Jaff6 test (termed faecal J + material) showed a similar pattern over the experimental period. The 24 hr. outputs from different pairs of rats, expressed as creatinine, were 2-5 mg./rat, and for a given pair ofrats showed a maximum variation of ± 17 % from mean values. Forty analyses of faeces from one pair of rats gave values of J + material, expressed as creatinine, ranging from 0-20 to 0-26 mg./g. fresh faeces. The possibility of contamination of faeces by urine was checked. The type ofurine-faeces separator used in these experiments was very reliable in preventing such contamination. Sixty-seven routine analyses of faeces collected from the metabolism cages gave values for J + material/g. agreeing with those obtained from faeces collected directly from rats during defaecation. This was verified under experimental conditions by following the course of excretion of creatinine in pairs of rats for 10 hr.
immediately following its oral administration. A typical result for two caecectomized rats is given in Fig. 3 . Changes in faecal J + material occurred independently of changes in the level of urinary creatinine. The peak urinary excretion was reached within the first 4 hr., and had fallen to predosage levels after 6 hr. The increases in faecal J + material occurred only within the second 5 hr. period, 'and during the first 5 hr., when contamination by urinary creatinine would have been most likely, the amount/g. faeces remained the same as that of faeces collectedwith precautions against any contact with urine. No noticeable effect on excretory levels was produced by control doses of water.
The J + material normally present in rat faeces has not been identified, but the rise in faecal J + substances resulting from an oral dose of creatinine appears to have been due to this compound. This seems certain for the following reasons:
(i) Behaviour of the faecal 'creatinine' in the presence of creatinine-de8troying enzymee sUspen8ion8
from Corynebacterium ureafaciens. The use of the enzymic method directly on faecal suspensions or extracts was not wholly satisfactory on account of the presence of enzyme-inhibiting substances in rat faeces. Creatinine solutions which were destroyed to the extent of 95 % by the enzyme preparation were only destroyed to the extent of 42-49 % in the same time when faeces were present. When, however, the faecal 'creatinine' at equivalent concentrations was incubated with the enzyme suspension, it was assimilated to the same extent.
(ii) Identification of the faecal 'creatinine' by partition chromatography. B. values of creatinine added to faeces were compared with those of faecal 'creatinine' using one-dimensional chromatograms. The values obtained for solvents collidine and 8ec.-butanol are shown in Table 1 .
It has been pointed out (Maw, 1948 ) that of other Jaff-positive substances, at least one, glycocyamidine, has RF values close to those of creatinine.
However, from the rate,of colour development in the presence of alkaline sodium picrate there is strong indication that the substance present in the faeces is creatinine. The fact that the amount of faecal J + material in excess of the normal output, when expressed as creatinine, together with the extra creatinine excreted -m the urine accounted in every case for the administered dose (as described below), is taken as additional support.
Creatinine was fed to pairs of rats in doses ranging from 30 to 60 mg./rat in a further series of 12-day experiments. Both normal and caecectomized rats were used to check the possibility of destruction of creatinine by intestinal bacteria as discussed in the note below. In both these and the 10 hr. experiments part of the dose appeared in the faeces. The shortterm experiments indicated that this was the result of incomplete intestinal absorption, since the increase in J + material in the faecal pellets coincided with the appearance of animal charcoal given simultaneously with the dose. The results for the experiments with normal rats and with caecectomized rats, in which the time taken for material to pass through the gut was reduced from about 12 to 8-9 hr., indicated little or no loss by this path. In a series of in vitro experiments, creatinine solutions were incubated aerobically and anaerobically with crushed fresh faeces from rats under a variety of conditions to determine the extent of bacterial destruction. Under the conditions found most favourable for creatinine breakdown, there was no aerobic destruction within the first 10 hr. Anaerobically, creatinine was found to be stable in the presence of faeces for 5-7 hr., destruction being detectable after this time and practically complete Mellanby (1912) reported that several commonly occurring organisms were capable of metabolizing creatine, including a large Grampositive anaerobic bacillus present in the intestine of the cat from the duodenum to the rectum, and a Gram-negative colon bacillus present in human faeces. They pointed out that the possibility of 'retention' of creatine in ingestion experiments being partly due to bacterial action could not be excluded. This might also apply in the. case Qf creatinine administration, although the recovery Biochem. 1948, 43 after 20-30 hr. The destruction in the presence of complete intestinal contents of rats under conditions most favourable for bacterial action was very much slower, c. 25 % in 20-25 hr. The period during which creatinine was found not to be destroyed in the presence of faeces is of the same order as the time it would be present in the gut ofa rat. Although no more than a qualitative comparison may be drawn between the in vivo and in vitro experiments, the latter suggest that any breakdown occurring during ingestion experiments is not extensive, as borne out by the recovery values.
DISCUSSION
The conversion of creatinine to creatine in vivo has been claimed on the grounds that creatinine ingestion or injection have been shown to give rise to temporary increases in muscle creatine in rabbits (Myers & Fine, 1913) , rats (Beard & Jacob, 1939) and chicks (Almquist, Mecchi & Kratzer, 1941) , with occasionally an accompanying creatinuria (Towles & Voegtlin, 1912; Beard & Jacob, 1939) . However, none of the studies in which the creatinine was given orally included an examination of faeces for the compound, and no proof was provided that in-, testinal absorption was complete. That ingested creatinine was only partly absorbed from the small intestine of the human subject of Dominguez & Pomerene (1945) Furthermore, the creatinine-creatine conversion couldnotbe verified by Bloch & Schoenheimer (1939) using 15N-labelled creatinine fed to rats.
The findings in this study on the oral administration of creatinine to rats have confirmed those of Dominguez & Pomerene (1945) on a human subject. The increased urinary excretion amounted to as much as 85 % of the dose. Creatinine was also found in the faeces, and appeared along with simultaneously administered animal charcoal. The practically quantitative recovery of administered amounts from urine and faeces together suggests that creatinine suffers little or no destruction in the body or intestine, and that the fraction of the dose which is absorbed is quantitatively excreted by the kidney.
The excretion of creatine was followed for two consecutive 11-day periods before and after creatinine administration. No increased creatinuria was observed. Beard & Jacob (1939) claim to have obtained a rise in muscle creatine ofrats of 14-41 %, together with pronounced increases in creatine excretion. Beard (1943) has stated: 'under normal conditions... it is very easy to show a new production and excretion of excess creatine from its various precursors in the diet'. Yet in the same chapter in this monograph appears the statement: 'wide variations in creatine and creatinine excretion may and usually do occur in a given individual or in different individuals'. The latter is the general finding, and deprives the former statement of its validity. The daily output of creatine is subject to considerable fluctuation, making a creatinuria due to experimental causes difficult to evaluate with any precision over short periods of time.
The fate of ingested creatinine can be adequately accounted for on the basis of its partial absorption and immediate and complete excretion, without introducing the assumption that part of a dose is retained, hydrated or otherwise metabolized. Until further informationis available, another explanation must be sought for the changes in muscle creatine which have been reported. Injected creatinine has been shown to undergo complete excretion via the kidney only. This is in agreement with the studies of Dominguez, Goldblatt & Pomerene (1935) on dogs, and those of Dominguez & Pomerene (1945) on humans, in contrast to the findings of Beard (1943) . This result is in accordance with the ingestion experiments, again indicating that creatinine entering the blood stream is entirely eliminated.
Qualitatively, administered creatine behaves similarly. Only a small fraction of a dose is excreted in the urine and no apparent changes in urinary urea and ammonia are produced. Some creatine enters the muscles, but not in sufficient amounts to account for the whole of the unrecovered portion. Intestinal breakdown by bacteria has been cited as probable. From the above observations on ingested creatinine it is thought that the low urinary recovery of creatine may also be due, in part at least, to its incomplete absorption. SUMMARY 1. Creatinine administered orally to normal and to caecectomized adult rats in doses of 30-60 mg./rat was. excreted in the urine in amounts up to 85 % of the dose. No increased creatinuria was induced.
2. Creatinine also appeared in the faeces, the fraction of the dose excreted in this maimer together with the fraction eliminated in-the urine accounting completely, within the limits of experimental error, for the administered dose.
3. Orally administered areatinine is only partly absorbed from the intestine, the portion of the dose which is absorbed being immediately and completely excreted. It is considered unnecessary to postulate any metabolism or retention of orally administered creatinine.
4. In experiments in vivo and in vitro, creatinine has been found to suffer little or no bacterial destruction in the intestine.
